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酵母:出芽酵母(SacchaLWJmS Cet℃tdsLae) W303B棟(MAThis3 can1-100 ade2 leu2 trpl
ura3)
sDM培地: 0.67% yeastmi叫gen base, 2% glucose, 40mgn ademine, 20mgA histidine,









































酸､ 12mMのL-グルタミン･ 1･25mMのEDTA､ 40mMのリン酸ナトリ
ウム緩衝液(pH7･5)となるように調整した反応液450mlに添加し･ 37
℃で120分間インキュベ-トした後､沸騰水浴中で3分間加熱して酵素












































































































この菌体を1,500x g､ 5分間､ 4℃で遠心して集菌し､氷冷した抽出
































































































































Fig･ 2 Effect of GFAT overexpression















Fig. 3　Effect ofglucosamine on toxicity of








Fig･ 4 Mercury concentration
in Sacchwomyces crerevisiae






+ ADH: Alcohol dehydrogenase
+ GR: GIutathione reductase
+ LDH: Lactic acid dehydrogenase
Fig. 5 Effect of MeHgCl on activities of
SH enzymes in cell lysate
of Sacchwomyces cerevisiae
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Fig･ 6 Effect of MeHgCl on activity of SH








●　　6.0 ∫ = 0.170Ⅹ + 0.669　r ≡ 0.994　　Ki=3.94
T　　3.0 y = 0.203Ⅹ + 0.819　r = 0.957　　Ki=4.03
▲　　1.5　　y = 0.378Ⅹ + 1.623　r = 0.944　　Kid.29
ト　1.0 y = 0.519Ⅹ + 2.078　r = I.000　　Kid.00
1nhibition constant Ki = 4.07 (LAW






I　10.0 y=4･095Ⅹ+216･120 r=0･991 Ki=52･78
▲　5.0 y=4･930Ⅹ+242･869 r=0･995　KId9･26
ト　2.0 y=6･052Ⅹ+295･816 r=0･995　KId8･88
Inhibition constant Ki = 50.30 (LIM)





●　12･5　　y = 0.189Ⅹ + 13.562　r = 0.984　　Ei=71.76
lIl　　5･O y = 0.219Ⅹ + 16.503　r = 0.978　　Ei=75.36
▲　　2.5　　y = 0.32lx + 22.202　r = 0.984　　Ei=69.17
ト　1.0 y = 0.554Ⅹ + 38.622　r = 0.987　　Ki=69.71
Inhibition constant Ki = 70.99 (LAW
Fig. 7-3 Dixon Plot of GR for MeHgCl
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Inhibition constant Ki = 79.58仙M)
Fig･ 7･4 Dixon Plot ofLDH for MeHgCl
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<Sacchwomyces cerel,isiae :glutamineHfructose-6･phosphate transaminase> (EC 2.6.1.16)
N末端-- 1 MeGIFGYCNYLVERSRGEIIDTLVDGLQRLEYRGYDSTGIAIDGDEADSTFIYKQIGKVSALKEEITKQN
7 1 PNRDVTFVSHCGIAHTRWATHGRPEQVNCHPQRS DPEDqFVVVHNGIITNFRELKTLLIN KGYKFESDTD
1 4 1 TECIAKLYLHLY NTNLqNGHDLDFHELTKLVLLELEGS YGLLCKS CHYPNEVIATRKGSPLLIGVKSEKK
2 1 1 LKVDFVDVEFPEENAGQPEIPLKSNNKSFGLGPKKAREFEAGSQNANLLPIAANEFNLRHSQSRAFLSED
28 1 GS PTPVEFFVS S DAAS VVKHTKKVLFLEDDDLAHIYDGELHIHRSRREVGASMTRSIQTLEMELAQIMKG
3 5 1 PYDHFMQKEIYEQPESTFNTMRGRIDYENNKVILGGLKAWLPVVRRARRLIMIACGTS YHSCLATRAIFE
42 1 ELSDIPVSVELASDFLDRKCPVFRDDVCVFVSQSGETADTMLALNYCLERGALTVGIVNSVGSSISRVTH
49 1 CGVHINAGPEIGVASTKAYTSQYIALVMFALSLSDDRVSKIDRRIEIIQGLKLIPGQIKqVLKLEPRIKK
5 6 1 LCATELKDqKS LLLLGRGYQFAAALEGALKIKEIS YMHSEGVLAGELKHGVLALVDENLPIIAFGTRDS L
63 1 FPKVVSSIEQVTARKGHPIIICNENDEVWAQKSKSIDLQTLEVPQTVDCLqGLINIIPLqLMS YWLAVNK
701 GIDVDFPRNLAKSVTVE l- C末端
C : Active center of GFAT
<Human :glutamine-fructose･6･phosphate transaminase> (EC 2.6.1.16)
N末端-- 1 MeGIFAYLNYHVPRTRREILETLIKGLQRLEYRGYDSAGVGFDGGNDKDWEANAC KTQLIKKKGKVKALD
7 1 EEVHKQqDMDLDIEFDVHLGIAHTRWATHGEPS PVNSHPqRSD KNNEFIVIHNGIITNYKDLKKFLES KG
1 4 1 YDFESETDTETIAKLVKYMYDNRES (〕DTSFTTLVERVIQqLEGAFALVFKS VHFPGQAVGTRRGS PLLIG
2 1 1 VRSEHKLSTDHIPILYRTGKDKKGSCNLSRVDSTTCLFPVEEKAVEYYFASDASAVIEHTNRVIFLEDDD
28 1 VAAVVDGRLSIHRIKRTAGDHPGRAVQTLQMELQQIMKGNFSSFMQKEIFEqPESVVNTMRGRVNFDDYT
3 5 1 VNLGGLKDHIKEIQRCRRLILIACGTSYHAGVATRQVLEELTELPVMVELASDFLDRNTPVFRDDVCFFL
42 1 SQSGETADTLMGLRYCKERGALTVGITNTVGS S ISRETDCGVHINAGPEIGVASTKAYTSqFV SLVMFAL
49 1 MMCDDRISMQERRKEIMLGLKRLPDLIKEVLSMDDEIqKLATELYHqKS VLIMGRGYHYATCLEGALKIK
5 6 1 EITYMHS EGILAGELKHGPLALVDKLMPVIMIIMRDHTYAKCQNALQQVVARQGRPVVICDKEDTETIKN
63 1 TKRTIKVPHSVDCLQGILSVIPLQLLAFHLAVLRGYDVDFPRNLAKSVTVE一一C末端
Fig. 8 The protein sequence of Sacchwomyces cerevisiae
and Human GFAT
Table.1 Kinetic parameters of SH enzymes for MeHgCl







*a) By Lineweaver-Burk analysis








































･ Tween-20(EIA Grade) (BIOJuD)
･ TEMED (BIO-fuD)
･ Bio-Rad Protein Assay染色液(BIO-FtAD)
(2)細胞の培養
細胞はD･MEM (Dulbecco's modified Eagle medium) (日水製薬)に10%fatalCalf



































































































※2分離ゲル用バッファー; 0.4%SDS含有1.5MTris-HCl (pH 8.8)














続いて2次抗体として､ 5000倍希釈したanti mouse lgG-HRPを1時間反応させた｡そ
の後TTBSで洗浄し､さらにTBS※3で洗浄し､ ECLT" westem blo血lg detecdon
reagents (Amersham)を用いてⅩ線フイルム上にシグナルを検出した｡
※1ブロッテイングバッファー; 48mMTriS､ 39mMglycine､ 1.3mMSDS､ 20%
メタノール
※2TTBS ; 10× TriS/glysine/SDS buffer( BIO-IuD )を精製水で10倍希釈
して全量をl Lとし､そこにTween-20を0.5 mL加えた





pBluescript II SK(+)にhuman GFAT(hGFAT) cDNAを組み込んだpBS(+)-hGFATは
Gary L. McKmight博士より供与されたものを用いた｡ PBS(+)-hGFATからhGFAT






QIAGEN Plasmid Maxi kit (QIAGEN)により精製した｡
( 1 6 )細胞への遺伝子導入およびstable transfbrmantの作製
(14)で作製したGFAT発現プラスミドをリボフェクション法により､ 293細































※homogenatebuffer : 0.25 Msucrose､ 25mMKCl､ 10mMリン酸カリウム緩衝液
(pH 7.5)および用時､ 10 mM glucosel6-phosphate､ 5 mM glutamine､ 0.05 mM
glucosamine-6-phosphateを加えた
(2 1)アルコールデヒドロゲナ-ゼ(ADH)活性の測定




















































































メチル水銀処理により濃度依存的に細胞増殖は抑制されたが(Fig. 7A, 9A) ､
HeLa細胞の場合と同様､グルコサミ●ン添加による毒性軽減は認められなかった





























































































































proteoglycans/ ,lI ヽ､＼ ヽtGlyco"p"s
Glycoproteins Gangliosides
Fig･ 1 Schematic representation of the hex-mine biosynthetic pathway･ Glucose entersthe
cells through the acdon of glucose transporters andthen rapidly phosphorylated to glucose-6-
phosphate (GIc-6-P) bythe action of hexokinase･ The majority of GIc-6-P is metabolized a-gh
glycogen synthesis,glycolysis･and pentose phosphate shunt (not shown)･ However･ 113% of the
incomingglucose is used for the formadon of glucosamine-6-phosphate(GIcN-6-P) via the action of
glutmine:fructose-6-phosphate amidotransferase (GFAT) which is inhiited by methylmercuric
chloride (MeHgCl)･ Glucosamine (GIcN) is also transported viathe GIcN transporter systemand
then directly entersthe hexosamine biosynthetic pathway atthe level of GIcN-6-P･ Further
metabolisim of GIcN-6-P ultimately leads tothe formation of UDP-GIcNAc which is the precursor
fo, the fomation of proteoglycanS, glycoproteins, gangliosidesandglycolipids･ The abbreviations









Fig･ 2 EJTect ofMeHgCI on growth and GFAT activity ofHeLa cells･ HeLa cells
wereincubated for 24 h in medium contalnlng Various concantrations of MeHgCl･ Then
cell growth(A)and enzyme activity(B) of GFAT (+) or lactate dehydrogenase (LDH,
◇) were determined. Cell growthand enzyme activity of non-treated group is












FSg. 3 Effect ofglucosamhe on toxicity of MeHgCl in HeLa cells･ HeLa cells (5 x 103) were
incubated for 60min in medium contalnlng indicated concantrations of MeHgCl･ Then glucosamine
(GIcN) was added to the culttlre mediumand incubated further 24 hand cell growthwere
detemined. Cell growthof non-treated group is indicated as lOO%･ Values were the means ± SD
(∩-4).
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GFAT activity (% ot contro一)
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Fig. 4　EWects of DON
and MeI屯Cl on GFAT
activity in lysate of
HeLacells.　Lysate
prepared kom HeLa
cells was hcubated 37
℃ for 60minwith
DON (open column) or
MeHgCl (hatched







Fig･ 5 Efrcct ofかco姐mine on toxicity ofm)N in HeLa celb･ Heh cells(5 冗 103) weze incubated for 60min in medium containing
indicated concazmdons of DON. men glucosa-e (GIcN) was added tothe culttwe medium andincubaLed hher 24 h aJld then cell growth
we.e detemined. Cell growthof Ron-treated group isindicated as 100%･ Values were the trLeanS ± SD (n=4) ･ Stadsdcal significance; *p'
0.00l versus coresponding control
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Fig. 6 RL2 Westem blot analysis ofglycoproteins extracted from
HeLa cells treatedwith MeHgCl. HeLa cells (1.5 A 105) we,e
incubated for 24 h in mediumContalnlng indicated concentrations of
MeHgCl. TYlen Cells were harvestedand cell lysate were prepared･ Proteins
were separated by electrophoresis on 7･5% (W/V) polyacrylamide gel,
transferred onto a PVDF membraneand immunoblotted with RL2 antibody
which recogmized 0-GIcNAc･ One representative experiment out of three




contro一 DONIOOpM MeHgCI5pM MeHgC16pM
Fig. 7 Sensitivity of NB-1 cells to MeHgCl and effect ofglucosamine on toxicity of DON or
MeHgCl･ (A) NB-I cells (I x 104) were incubated for 24 h in medium containing various
concantrations of MeHgCland then cell growthwas detemined･
(B) NB- 1 cells ( l x 104) were incubated for 60 min in medium containing indicated concantrations
of MeHgCl or DON･ Then GIcN was added tothe culttue medium and incubated further 24 h･ Cell
growthof non-treated group is indicated as lOO%･ Values werethe means j= SD (n-4)･
-56-
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Fig. 8 RL2 Westem blotanalysis ofglycoproteins extracted from NBll ceus treatedwith
DON or MeHgCl. NB-1 cells (3 冗 105) wereincubated for 24 h in medium containing
indicated concentrations of MeHgCl or DON･ Then cells were harvested and cell lysate were
prepared. Proteins were separated by electrophoresis on 7･5% (W/V) Polyacrylamide gel,
transferred onto a PVDF membrane and immunoblotted withRL2antibody which recognized




Control DONIOOpM MeHg4pM MeHg8pM
Fig. 9 SexLSitivity of PC12 ccus to MeHgCl and曲ct ofglucosamine on toxicity of DON or
Me鞄Cl. (A) PC12 cells (5 x 103) were incubated for 24 h in medium containing various
concantrations of MeHgClandthen cell growthwas dete-ined･ (B) PC12 cells (5 x 103) were
incubated for 60min in medium contalnlng indicated concantrations of MeHgCl or DON･ Then
GIcN was added to the culture mediumand incubated further 24 hand cell growthwere detemined･
cell grow血of non-treated group is indicated as l00%･ Values werethe means ± SD (n=4)･
ー58-
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ControI DONIOOmM MeHgl pM MeHg4pM







Fig. 10 RL2 Western blot analysis ofglycoproteins extracted from PC12 cclls treated
with DONor MeHgCl. PC12 cells (3 x 105) we,e incubated for 24 h in medium
contalnlng indicated concentrations of MeHgCl or DON･ men cells were harvestedand
cell lysate were prepared. Proteins were separated by electrophoresis on 7･5% (W/V)
polyacrylamide gel, transferred onto a PVDF membraneand irrmunOblotted withRL2
antibody which recogmized OIGIcNAc･ One representative expenment out of three
independent experiments is shown･
ー59-
1I hGFAT CDNA (3088bp)
Fig･ ll Structure of the pcDNA3･1･hGFAT vector･ HumanGFAT
OIGFAT) CDNA was cloned betweenthe BamHI/Xho I sites of mammalian









Fig･ 12 EWects of GFAT overexpression on GFAT activity and growth of 293 cells･
(A) Transfection of human embryomic kidney 293 cells wereperfTomed as described in
methods･ Cells were grown in G418 containing medium to allow for the selection of cells
stably overexpressing humanGFAT (hGFAT) ･ Six clonalcell lines were selected as
GFAT/293 (Cl -C6). A cell line transfected withvector alone was used as con仕ol
(pcDNA3.I/293) ･ (B) Cells were incubated for 24, 48, 72handthen cell number was











Fig･ 13 EErects of GFAT overexpression on toxicity of MeHgCl and DON in 293 cclls･
pcDNA3･l/293 (D)and GFAT/293 (.) cells (5 A l03)were incubated for 24 hinmedium
containing various concantrations of MeHgCl (A) or DON (B)･ Then cell growdl Was detemined
and cell growthof non-treated group is indicated as lOO%･ Values werethe means ± SD (n-4)･
The results were confirmed by three separate experiments･
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Fig･ 14 Effect of GFAT overexpression on OIGIcNAc synthesisin293 ceIIs･
pcDNA3.1/293 and GFAT/293 cells (1.5 x lが) were incubated f♭r 24 h in medium
contalnlngindicated concentrations of MeHgCland DON･ Then cells were harvestedand
cell lysate were prepared. Proteins were separated by electrophoresis on 7･5% (〟Ⅴ)
Polyacrylamide gel, transferred onto a PVDF membrane and immunoblotted withRL2
antibody which recogmized 0-GIcNAc･ One representative experiment out of three








Fig･ 15 1m γ加euect of MeHgCl on activity of SH em町meS in cytosol of ratliver･
cytosol prepared from rat liver was incubated in reaction mixture containing each substrates
wi血α without MeHgCl. Each point represents血e mean ± SD (n=3)･ The results were
confirmed by three separate experiments･ The abbreviations used are: ADH; alchol
dehydrogenase, LDH; 1actate dehydrogenase, GR; glutathione reductase･
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Fig･ 16 1n vi加efrect of MeHgCl on activity of SII emymeS in cytosol of rat cerebrum･
Cytosol prepared丘om rat cerebrum wasincubated in reaction mixture contalnlng each
substrates with or without MeHgCl. Each point representsthe mean± SD (n=3) ･ The results











Fig･ 17 Ln vz'Lro eWect of MeHgCl on activity of SH enZyTes in cytosol of rat cerebelltlm･
Cytosol prepared from rat cerebellum wasincubated in reaction mixture containing each
substrates withorwithout MeHgCl. Each point represents the meanj= SD (n=3)･ The results
were confirmed bythree separate experiments･
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Fig. 18･l Changes of body weight in control and MeHgCl･treated rats･ Male Wistarrats were given s･C･ injections of MeHgCl
dissolved in 10 mM NaHCO3 buffer (pH 9･2) at doses of2･5 (B), 5 (C) and 10 mgn(g/day once a day for six days･ Control rats (A)
recieved vehiclealone. Each point represents the mean ± SD of six rats･
???
? ? ? ? ? ? ? ?
I iver cerebrum cerebeH u m
口　A:control
E] B : 2.5 mg/kg/day
田　C : 5.0 mg/kg/day





















Fig･ lp GFAT activity intissues of rat after admimistration of MeHgCl･ The cytosol
fhctions were prepared from liver, cerebrum, and cerebellum of rats treated withMeHgCl (see
Fig. 18-1) and GFAT activity was measured･
169-
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